ABSTRACT. Solar drier does not degrade any more the dried products with the manner of the products dried at the natural sun. The drying unit is composed mainly of a solar air collector and an enclosure of drying. The transformation of the solar radiation into heat is done thanks to the solar collector whose effectiveness is increased by the addition of suitable baffles in the mobile air vein. The efficiency of the collector reaches then 80. The hot air on the outlet side of the collector arrives in the enclosure of drying where the heat transfer with the product to be dried is done by convection. The kinetics drying study shows that in addition to the dependence of the temperature and air velocity of drying, the speed of drying also depends on fragmentation on the product to dry, and mainly, of the product surface in contact with the drying air. Thus, the hygrometry is reduced from 76 to 13 % in one day.. The total efficiency of the drier reached 28 %.
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INTRODUCTION
Two types of driers, one direct and the other indirect drier which is presented here were conceived, carried out and tested at the National School of Engineers of Gabès, Tunisia, in order to dry agro-alimentary products such as of orange peels.
The orange peels are interesting for their wealth of vitamin C. The studies showed that they lower the cholesterol level in the blood. In our area, the south of Tunisia, it is common to dry dates, spices, peppers, fish, etc. Previously, a study of the drying kinetics has been carried out. Tests were carried out in full sun at the same time for the indirect and direct drier.
The solar types of driers are very varied in the world. We can mention among them:
• Industrial drier tunnel type with chimney (natural convection): the wide surface collecting solar energy makes it possible to collect a calorific energy, from where the industrial use of this type of driers (Turhan, 2006; Janjai, 2008; Ferreira, 2008) .
Direct drier with forced ventilation (Gauhar, 1998; Hossain, 2005; Gbaha, 2007) Indirect drier with solar chimney (Hachemi, 1998; Pangavhane, 2002; Lahsani, 2004 , Jain, 2005 Indirect drier with forced ventilation (Ben Slama, 1996b, c; Hawlader, 2004; Fadhel, 2005; Jamali, 2004; Machlouch, 2006; Zhimin, 2006) 
DESIGN OF THE DRIER TESTED
The indirect drier design includes three distinct parts:
• A solar air collector provided with baffles (Ben Slama, 1987 , 1996a , 2007 dimensions 2 m x 1m.
• Αn drying enclosure dimensions 70 cm x 70 cm x 70 cm.
• An electric fan, to ensure the forced circulation of the hot air coming from the flat plate solar collector, of 50 W (they can be provided by photovoltaic devices).
The air solar collector The collector is provided with baffles which favour the turbulence and thus the heat transfer. The efficiency is increased as well. Three configurations were used:
• collector with the best baffles appeared in our references i.e. of the transverse and longitudinal mixed baffles, • mixed baffle collector, however, the transverse baffles are slightly tilted in the direction of the flow to reduce the pressure losses, • collector without baffles to be used for comparison.
The collector has two air veins:
• One is between the glazing and the absorber with the air motionless there,
•
The other is between the absorber and the insulator comprising some baffles and in which the air circulates. The baffles are placed on the insulator and/or are fixed at the absorber. Drying enclosure At the exit of the collector, the air crosses the drying enclosure and yields its calories to the product to be dried. To allow the air flow, the two shapes of enclosure of drying are proposed allowing one run out in meander without dead zones. The enclosure of drying comprises several trays. Each one can contain up to three kg of product to dry.
Products are disposed on the "claies" inside the drier, in such a way that the air flow presents some meanders in order to obtain a relatively high heat transfer.
In addition, the flow in the drying enclosure is favored when the flow passes from simple meander to double meander. Thus, the air is distributed allowing a more uniform drying what avoids having still wet zones and others which are quite burned. The efficiency passes from 20 to 25 % especially when the loading is maximum (higher than 10 kg). For the low masses of product to be dried, the air is not constrained to follow the overall trajectory, but a straight flow in the open space left by the product. 
Operation
The ambient air, which enters through the bottom of the collector, is heated there by solar energy. Owing to the baffles, the heat transfer is increased and the air at the collector exit is at a sufficiently high temperature. It passes then in the enclosure of drying, where it yields the calories to the product to be dried and which is loaded with moisture. Then, it is evacuated outside by forced ventilation ensured by a low power electric fan.
RESULTS

Measurement of the solar radiation
Measurements are related mainly to the efficiency of the collectors alone on the one hand and the entire drier on the other hand. We measure the mass of the product to be dried at the beginning and at the end of the test. The energy received per day is given owing to measurements of diffuse DH and total GH horizontal radiation from the weather station located at the neighbouring military base. The conversion of measurements on the horizontal level towards the tilted plan of the collector is carried out as follows: The total radiation received by the tilted collector is the sum of the direct and diffuse radiations, then:
(1) which can be also written under the form :
G(i) = (Gh -Dh). (sin(i+h) / sin(h)) + D(i) with: (2) D(i) = (1+cos(i))/2.DH + (1-cos(i))/2. DH. α (3)
The solar latitude "h" is given at any moment by its sinus : sin (h) = sin (ϕ) sin (δ) + cos (ϕ).cos (δ). cos AH (4)
Measurement of drier energetic efficiency
Temperatures are measured with thermocouples iron-constantan, precision ± 0.5 °C. For the weight, a balance of precision ± 0.01 g.
Drier energetic efficiency is giving by: 
The hygrometric efficiency is also evaluated: ηh = ηe. (wi -wf)/wi (8) and the corrected efficiency with Wf = 15 %: ηc = ηe. (wi -wf)/(wi-15)
Results Usually, for the air solar collectors, one can plot the efficiency curves according to the air flow (m3/h/m²) ( fig.4) .
Even for the modest flows (35 m 3 /h/m²), the efficiency reaches 70 % for the best baffles and 46 for the collectors without baffles. This difference is due to the difference of the convective exchanges created by turbulence between the caloporting air and the absorber; it is even due to the presence of baffles.
The collector efficiency
The energetic efficiency is presented on figure 10 and is given by the expression:
According to the provision of the baffles used, straight or inclined, the efficiency varies. In comparison with the collector without baffles, the oblique baffles in the direction of the flow have a better efficiency of 25 % (Ben Slama 1987 Slama , 1996a Slama , 2007 . By analogy with the solar air collectors, one gives two types of curves of efficiencies for the solar drier according to the initial mass of the product to be dried ( fig.6 ). For a mass of 8 kg (product) to be dried, the efficiency passes from 20 to 30 % approximately with the use of slightly oblique baffles. For an hygrometric efficiency of 20 %, the decrease of hygrometry would be only 3% in the case with straight baffles, and 13 % for oblique baffles. This is due to the fact that the air reached higher temperatures in the presence of baffles. 
Efficiency of the drier
INTERPRETATIONS
The curves obtained by the drying kinetics study show that: -The moisture of the product decreases with time much more quickly at the beginning than at the end of drying, because at the beginning, the presence of water is rather on the surface.
-The speed of drying is proportional to both drying air velocity and drying temperature. -The fragmentation of the orange peels increases the drying speed.
-The drying speed decreases with time and with the moisture of the product to be dried.
The pilot drier shows that the outlet temperature of the solar collector reached 92 °C and that the temperature at the removal from the drying enclosure is still 50 °C. The drier using the best slightly oblique baffle collector in the direction of the flow, improves the efficiency by 14 % absolute compared to the drier using a collector without baffle. With this latter, one day is proved to be insufficient to lower the hygrometry to a satisfactory threshold for the conservation of the product (that is to say for example 15 %). However, with the collector provided with oblique baffles in the direction of the flow, only one day of drying is sufficient because the two conditions to allow a good drying are satisfied, namely, a temperature and a speed of air sufficiently high. The temperature of the air rises in the collector owing to the transverse and longitudinal baffles which make it possible to multiply the air velocity and to support turbulence. This air velocity is sufficiently high because the pressure loss created by the oblique transverse baffles is not as large as in the case of the right baffles. On the other hand, the flow in the enclosure of drying is favoured when the air flow would allow a rigorously well-distributed drying; avoiding having zones where the product is either flaring or still wet.
CONCLUDING REMARKS
Though numerous papers have been published on the drying of natural products, some points must be emphasized, which present, in our view, a larger field of interest than the alone product presented in this paper:
 it is well known that air solar collector can be of interest for drying, specially when they are used in such a way that the products have no direct contact with sun radiation,  presenting a real product of some economical interest, the orange peels, the drying kinetics curves have been established in quasi-steady states regimes and can be used for similar applications, and are presented in the first part of the paper,  the second part of the paper, deals with a real air dryer system with two major key points:  interest of baffles to increase the efficiency of air solar collectors even with low air flow,  interest of a combination between natural convection and forced convection, through the use of a fan, to control as precisely as possible the quality of the drying process.
